Interaction between epithelial cells and mesenchymal cells is essential in normal organ morphogenesis and in tissue repair after injury. Epimorphin, a mesenchymal protein that regulates epithelial morphogenesis through epithelialmesenchymal interactions, has recently attracted attention as an important modulator of tissue repair. In this study we analyzed the role of epimorphin in renal fibrosis. We first found a progressive increase in epimorphin expression corresponding to the progression of renal fibrosis in mice with unilateral ureteral obstruction (UUO). To determine whether this expression has a role in the repair or progression of renal fibrosis, we analyzed a model of renal fibrosis repair, the UUO-release (UUO-R) model. Epimorphin expression was increased at 3 and 7 days after the UUO-R rather than on the day of release, but was decreased at 21 days after the release. Inhibition of endogenous epimorphin with antiepimorphin antibody (MC-1) significantly delayed the repair of fibrosis. When compared with normal-IgG-injected mice, MC-1-injected mice showed significantly decreased renal matrix metalloproteinase (MMP)-2 and MMP-9 expressions by western blotting and increased expression of TGF-b and collagen-I mRNA by real-time RT-PCR. Recombinant epimorphin induced prominent increases in MMP-2 and MMP-9 activities in the culture media of renal interstitial fibroblasts in vitro. These findings indicate that epimorphin has a pivotal role in the repair of renal fibrosis by modulating both extracellular matrix (ECM) degradation and its production.
The number of end-stage renal disease (ESRD) patients undergoing dialysis or renal transplant is increasing worldwide and will exceed 2 million by the year 2010, 1 imposing enormous medical and socioeconomic burdens. Renal interstitial fibrosis has an important role in the progression of ESRD. 2, 3 Controlling it is a reasonable therapeutic strategy for preventing or arresting progressive renal disease. The degree of interstitial fibrosis is determined by the balance between the progression and regression of fibrosis. Although mechanisms underlying the progression of renal fibrosis have been studied extensively, mechanisms underlying the repair process have not received as much attention.
An interaction between epithelial cells and mesenchymal cells is essential for normal morphogenesis during organ development and tissue repair after injury. Mesenchymal cells have a key role in these processes by producing or secreting soluble factors, extracellular matrix (ECM) proteins and cell-surface-associated molecules. Epimorphin, also known as syntaxin-2, was originally identified by Hirai et al 4 in mouse embryonic tissue as a mesenchymal cell-surface-associated protein that has a central role in mesenchymal-epithelial interactions. Previous studies have shown that epimorphin has morphogenetic effects on multiple epithelial tissues, including those of skin, hair follicle, lung, intestine, mammary gland, pancreas, gall bladder and liver. [4] [5] [6] [7] [8] [9] [10] In addition, several investigators have reported changes in the distribution of epimorphin-positive cells in inflammatory diseases of the lung and liver. [11] [12] [13] [14] Epimorphin not only regulates morphogenesis but also functions as a mesenchymal regulator of epithelial repair. 10, 12, 14, 15 The importance of epithelial-mesenchymal transition in the development of renal fibrosis has been extensively analyzed and characterized. 2, [16] [17] [18] [19] [20] [21] [22] However, there have been no reports of studies analyzing the involvement of epimorphin, which is the key molecule for epithelial-mesenchymal interaction, in renal fibrosis. Moreover, we have not found reports of any studies examining epimorphin expression in diseased kidneys.
In this study we analyzed epimorphin expression in both the progressive and repair phases of renal fibrosis. We used unilateral ureteral obstruction (UUO) in mice as a model of progressive renal fibrosis, [22] [23] [24] and used UUO-release (UUO-R) 25 as a model of fibrosis repair. We also evaluated the effect of anti-epimorphin antibody on the repair of renal fibrosis in UUO-R kidneys. In this study we provide data showing that epimorphin contributes to the repair of renal fibrosis by modulating both ECM degradation and ECM production. Targeting epimorphin may have potential as a therapeutic strategy for treating progressive renal disease.
MATERIALS AND METHODS Animals
Male C57BL/6 mice (6 weeks old) that weighed 20-25 g were purchased from CLEA Japan (Tokyo, Japan). They were given water and standard chow ad libitum. The guidelines of the National Defense Medical College for the care and use of laboratory animals were followed, and the study protocols were approved by the animal ethics committee of the National Defense Medical College.
UUO Model and UUO-R Model
UUO was performed by double ligation of the left ureter with 3-0 silk under general anesthesia induced by intraperitoneal injection of pentobarbital sodium (50 mg/kg Á body weight) as described previously. 23 In sham-operated mice the left ureter was exposed and manipulated but not ligated. Kidneys were harvested for analysis when the mice were killed by exsanguination: UUO mice were killed at 3 or 10 days after surgery (5 mice each), and sham-operated mice (n ¼ 5) were killed at 10 days after surgery. Both the left kidney (UUO kidney) and right kidney (contralateral kidney) were removed from the UUO mice, but only the left kidney was removed from the sham-operated mice.
UUO-R was achieved as described by Cochrane et al. 25 In brief, UUO was performed on the left kidney with the use of a vascular clamp (vessel size, 0.4-1.0 mm; S&T Fine Science Tools, Foster City, CA, USA), and the clamp was removed under general anesthesia at 10 days after the UUO surgery. UUO-R mice were killed on the day of release or at 3, 7, 14 or 21 days after the release (5 mice each). The physiological data of UUO and UUO-R mice are listed in Supplementary  Table 1 .
Treatment of UUO-R Mice with Anti-Epimorphin Antibody At 3 days after UUO-R, the success of the release was checked through an abdominal incision. The UUO-R mice in which release was successful were randomly assigned to one of two groups. One group of five received every-other-day intraperitoneal injections (15 mg/g body weight) of rat monoclonal anti-epimorphin antibody (MC-1) prepared as described previously by Hirai et al. 4 The control group of five received intraperitoneal injections of the same dose of normal rat IgG (Sigma-Aldrich, St Louis, MO, USA). All mice were killed at 14 days after UUO-R, and the left kidney of each mouse was harvested.
In all experiments, the harvested kidneys were immediately decapsulated and cut into several pieces that were either fixed in 10% neutral buffered formalin and embedded in paraffin for histological analysis or stored at À80 1C for later analysis.
Renal Histology, Immunoperoxidase Staining and Immunofluorescence (IF) Staining Sections (4-mm thick) of formalin-fixed paraffin-embedded tissue from the kidneys of sham-operated, UUO and UUO-R mice were subjected to Masson's trichrome staining. Interstitial macrophages, myofibroblasts and proliferating cells in paraffin-embedded sections of kidneys of UUO-R mice treated with MC-1 were evaluated by immunoperoxidase staining for macrophages, a-SMA and proliferating cell nuclear antigen (PCNA) as described previously. 23, 26 Cryostat sections (5-mm thick) of fresh frozen kidney were used for IF staining. Kidney sections from sham-operated, UUO and UUO-R mice were used for epimorphin staining, and kidney sections from MC-1-treated UUO-R mice were used for E-cadherin staining. After fixation with 4% paraformaldehyde and blocking with blocking buffer (StartingBlock, PIERCE, Rockford, IL, USA), sections were incubated with MC-1 or anti-E-cadherin antibody overnight at 4 1C before being incubated with a secondary antibody for 1 h at room temperature. For the epimorphin staining, the MC-1-positive interstitial area in each of three-to-six random non-overlapping cortical fields at Â 200 magnification was evaluated using a digital image analysis system (Lumina Vision, version 2.04; Mitani, Fukui, Japan) and expressed as a percentage of the total area excluding glomeruli and large vessels. For the E-cadherin staining, the proportion of E-cadherin-positive tubules among all the tubules in five random non-overlapping cortical fields at Â 200 magnification was calculated.
In some frozen sections of kidney tissues obtained 10 days after UUO, three combinations of multiple stainings for epimorphin and other cell markers (laminin, vimentin, a-SMA, matrix metalloproteinase (MMP)-2 and MMP-9) were performed to identify the epimorphin-positive interstitial area. One combination was triple staining for epimorphin, vimentin and laminin; the second was the double staining for epimorphin and a-SMA and the third was double staining for epimorphin and either MMP-2 or MMP-9. The sections were incubated with primary antibodies overnight at 4 1C and with secondary antibodies for 1 h at room temperature. For double stainings we counterstained the nuclei with Hoechst 33342 (Molecular Probes, Eugene, OR, USA). Details of the primary and secondary antibodies are listed in Tables 1 and 2 . Digital images of stained sections were obtained with a confocal microscope (Zeiss LSM 510; Carl Zeiss, Göttingen, Germany).
Western Blot Analysis
Whole kidney homogenates were prepared, and western blot analysis was performed as described previously. 27 Protein concentrations were measured using the Bio-Rad protein assay. Protein samples (30 mg) were separated by SDS-PAGE on 10% acrylamide gels and transferred onto nitrocellulose membranes. The primary antibodies used for western blotting were MC-1 antibody, anti-MMP-2 and anti-MMP-9 antibody, and EPOS reagents of 1A4 and PC-10 (see details in Table 1 ). Bands were detected using enhanced chemiluminescence kit (ECL Plus, GE Healthcare UK, Buckinghamshire, UK). Equal loading and transfer of samples were confirmed and adjusted according to the b-actin signal. The density of each band was quantified with CS Analyzer, version 2.0 (Atto, Tokyo, Japan).
Real-time RT-PCR
Total RNA was extracted from the kidney tissues using the RNeasy Mini kit (Qiagen, Hilden, Germany). RNA was quantified by absorbance at 260 nm. A 1-mg aliquot of total RNA was reverse-transcribed into first-strand cDNA with random primers using the PrimeScript RT Reagent Kit (total volume, 20 ml; Takara, Shiga, Japan). The constructed cDNA served as a template for real-time PCR. We used pre-designed TaqMan Gene Expression Assays for mouse epimorphin (syntaxin-2), collagen I, collagen III, TGF-b1 and GAPDH (Applied Biosystems, Foster City, CA, USA). PCR was performed in triplicate using the ABI Prism 7900 sequence Epimorphin and the repair of renal fibrosis M Yamada et al detection system (Applied Biosystems) in 96-well microtiter plates in a final volume of 20, 10 ml of which was TaqMan Universal PCR Master Mix (Applied Biosystems), 1 ml of which was pre-designed primer/probe mix and 9 ml of which was cDNA. Reaction conditions consisted of pre-incubation at 50 1C for 2 min, 95 1C for 10 min and then 40 cycles at 95 1C for 15 s and 60 1C for 1 min. Relative expression levels were calculated by using the DDCt method.
Evaluation of Renal Fibrosis
The degree of interstitial fibrosis in the UUO-R kidney was evaluated using image analysis software (Lumina Vision; Mitani) to measure the light-blue-stained areas after Masson's trichrome staining as reported previously. 28, 29 In the experiment in which UUO-R mice were given anti-epimorphin antibody, degrees of renal fibrosis were evaluated histologically by picrosirius red staining and biochemically by total collagen assay as described previously. 27 Picrosirius red staining was performed on paraffin-embedded sections and the stained sections were observed by polarized-light microscopy. For the total collagen assay, the hydroxyproline concentration in hydrolysates of precisely weighed frozen kidney samples was measured chemically. Total collagen was assumed to contain 12.7% hydroxyproline by weight. Results are expressed as micrograms of collagen per milligram kidney weight.
Gel Zymography for Plasminogen Activator (PA) and Plasmin Activity Intrarenal PA and plasmin activities were analyzed by plasminogen-casein zymography and casein gel zymography, respectively, as described previously. 27, 30 In brief, kidney protein samples (10 mg protein for PA and 40 mg protein for plasmin) isolated for western blotting were separated under nonreducing conditions on 10% SDS polyacrylamide gels containing casein (2 mg/ml) either with (for PA) or without (for plasmin) 10 mg/ml of plasminogen (Sigma-Aldrich). After a wash in 2.5% Triton X-100, gels were incubated with substrate buffer (0.1 M glycine, pH 8.3) at 37 1C. Incubation time was 16 h for the plasminogen-casein gel and 36 h for the casein gel. After staining with Coomassie blue, the density of each lytic band was quantified with CS Analyzer, version 2.0 (Atto).
Cell Culture, Treatments and Gelatin Gel Zymography NRK-49F (interstitial fibroblast cell line of normal rat kidney) and NRK-52E (normal rat kidney tubular epithelial cell line) cells were purchased from the American Type Culture Collection. Cells were cultured in Dulbecco's modified Eagle's medium supplemented with 1% nonessential amino acids and 5% fetal bovine serum. Before treatment, cells were seeded onto 24-well plates and maintained in serum-free medium (Cosmedium-001, Cosmobio, Tokyo, Japan) until 70% confluence was reached. Recombinant epimorphin (final concentration of 20 mg/ml) or vehicle was added to the culture medium, and the supernatants were collected at various time points (8, 16 and 24 h) after treatment. The recombinant epimorphin was prepared as described previously by Hirai et al. 31 The collected mediums were concentrated 15-fold with centrifugal filter units (Ultrafree-MC; Millipore, Bedford, MA, USA). MMP activities in each concentrated sample were analyzed by gel zymography similar to that described above except that 1 mg/ml gelatin instead of casein was added to the gel and the substrate buffer was 50 mM Tris and 20 mM CaCl 2 (pH 7.6). The density of each lytic band was quantified with CS Analyzer version 2.0 (Atto). Total RNA was extracted from NRK-49F cells that were either treated or not treated by recombinant epimorphin, and the MMP-9 mRNA levels were evaluated by real-time RT-PCR with the pre-designed primer/probe set of rat MMP-9 (Applied Biosystems) as described above.
Statistical Analysis
Data are shown as means ± s.e. Differences between groups were subjected to one-way or two-way analysis of variance (ANOVA). Fisher's protected least significant difference test was used for post hoc analysis and Po0.05 was considered statistically significant. All statistical analyses were performed using StatView, version 5.0 (SAS Institute, Cary, NC, USA).
RESULTS

Epimorphin Expression in Kidneys of Sham-Operated and UUO Mice
The UUO kidneys of UUO mice showed progressive tubulointerstitial mononuclear cell infiltration and interstitial fibrosis, whereas the contralateral kidneys of UUO mice and the kidneys of sham-operated mice showed minimal cell infiltration and no interstitial fibrosis (Figure 1a , upper panels). IF staining for epimorphin was positive in the glomerular mesangium, vessel walls and interstitial area in the kidneys of sham-operated mice, and IF staining for epimorphin in the contralateral kidneys of UUO mice was essentially the same as that in the kidneys of sham-operated mice. Tubulointerstitial epimorphin staining in the UUO kidneys of UUO mice was significantly stronger than that in the UUO kidneys of sham-operated mice, but the intensity of glomerular epimorphin staining did not differ between them. Tubulointerstitial epimorphin staining was stronger and more widespread in UUO kidneys harvested 10 days after UUO than in UUO kidneys harvested 3 days after UUO (Figure 1a, lower panels) . Such an increase in epimorphin expression was confirmed by western blotting (protein levels) (Figure 1b) and by real-time RT-PCR (mRNA levels; Figure 1c) .
Tubulointerstitial epimorphin expression in UUO kidneys at 10 days after UUO was characterized using confocal microscopy with triple staining for laminin, epimorphin and vimentin and for nuclei, a-SMA and epimorphin (Figure 2) . Vimentin was used as a mesenchymal marker and a-SMA was used as a marker for myofibroblasts. Laminin was used mainly as a marker of tubular basement membrane (TBM) but was also found on glomerular mesangium and glomerular basement membrane. Merged images revealed that tubulo-interstitial epimorphin staining was not on tubular epithelial cells but in the interstitial area just around the TBM Figure 1) .
Epimorphin Expression in the UUO-R Model
We followed the method of Cochrane et al 25 (mice of the same strain, similar body weight, use of the same clamps and same period of ureter obstruction) for the UUO-R model, but we found persistent hydronephrosis in some mice even after removal of the ureter clamps, probably due to the organization of obstructed tissues. Changing the clamped portion of the ureter (upper, middle or lower portion), the direction of the clamp (toward the center or toward the side) and the clamping angle did not reliably prevent this problem from occurring, and hence we checked the release of the ureteral obstruction by opening the abdomen of all mice at 3 days after removal of the clamps and used only those mice in which the release was successful.
Masson's trichrome staining revealed progressive regression of the interstitial fibrosis over time in UUO-R kidneys (Figure 3a, upper panels, and 3b) . IF staining for epimorphin was significantly stronger at 3 and 7 days after the release than it was on the day of release (day 0) and was significantly reduced on day 21 (Figure 3a, lower panels, and 3c) . 
Repair of Renal Fibrosis was Retarded by Neutralization of Endogenous Epimorphin after UUO-R
To determine the roles of enhanced epimorphin expression in the early phase after UUO-R, we examined the effect of treating the mice with a monoclonal anti-epimorphin antibody (MC-1). We found a significant delay in recovery from interstitial fibrosis in the MC-1-treated mice compared with that in mice treated with normal rat IgG (control) at 14 days after UUO-R, according to picrosirius red staining and total collagen assay (12.33 ± 0.97 vs 9.49 ± 0.62 mg/mg kidney weight, Po0.05; Figure 4a and b) .
The molecular mechanisms underlying the difference in the degree of interstitial fibrosis between MC-1-treated mice and control mice were analyzed in terms of ECM production and ECM degradation. With respect to ECM production, real-time RT-PCR revealed that TGF-b, collagen I and collagen III mRNAs were expressed more strongly in MC-1-treated mice than in control mice, though the difference in the expression of collagen III mRNA was not statistically significant ( Figure 5 ). With respect to ECM degradation, western blotting for MMP-2 and MMP-9 revealed dramatic decreases in the expression of these proteins (approximately 0.27 and 0.14 times, respectively) in the MC-1-treated mice (Figure 6a and b) . The activities of intrarenal plasmin and PAs, in contrast, were significantly higher in the MC-1-treated mice (Figure 6c and d) .
According to immunohistochemistry and western blotting, the severity of interstitial infiltration of myofibroblasts and macrophages and the degree of cell proliferation were greater in MC-1-treated mice than in control mice (Figure 7a-c) . Epimorphin and the repair of renal fibrosis M Yamada et al (d) Plasminogen-casein gel zymography and graph of relative total plasminogen activator (PA) activity (sum of tissue-type PA (tPA), high-molecular-weight urokinase-type PA (HMW uPA) and low-molecular-weight uPA (LMW uPA)) assessed from the density of each lytic band (mean±s.e., n ¼ 5, *Po0.05).
ANOVA. Strong induction (20-fold) of MMP-9 by recombinant epimorphin in NRK-49F cells was confirmed at the mRNA level by real-time RT-PCR (Figure 10a ).
However, no PA activity band was detected in the culture media of either cell type by plasminogen casein gel zymography (data not shown). 
Epimorphin and the repair of renal fibrosis M Yamada et al
Relation between MMPs and Epimorphin in UUO Kidneys Double staining for epimorphin and MMP-9 revealed that the locations of these proteins were quite close and sometimes overlapped in the interstitial area (Figure 10b) , suggesting their potential interaction. Although a similar result was yielded by the double staining for MMP-2 and epimorphin, MMP-2 staining was found not only in the interstitial area but also on some tubular epithelial cells (data not shown).
DISCUSSION
Although epimorphin was first identified as a mesenchymal protein that modulates epithelial morphogenesis in embryonic tissues, 4 recent studies have shown its importance in the repair process after pathologic organ damage such as lung fibrosis and liver injury. [11] [12] [13] Epimorphin is reported to bind aVb5 and aVb1 integrins on target epithelial cells and to initiate specific signaling processes, 32 but its receptors and its signaling pathways have not been fully identified and its functions in vivo remain unclear.
In this study, we observed the previously reported localization of epimorphin in the glomerular mesangium, vessel walls and interstitial area in the kidneys of the sham-operated mice and in the contralateral kidneys of the UUO mice. 33, 34 The epimorphin staining was unchanged in the glomerulus but in the tubulointerstitial area it increased prominently with the progression of interstitial fibrosis in the UUO kidneys. It was not found on tubular epithelial cells but was found in the interstitial area, especially around the TBM. Most of interstitial cells positive for epimorphin were a-SMA-positive cells (myofibroblasts), and most of the vimentin-positive or FSP-1-positive interstitial cells were negative for epimorphin. We think this is the first study to Epimorphin and the repair of renal fibrosis M Yamada et al examine in detail the temporal and spatial changes in the distribution and magnitude of epimorphin expression in diseased kidneys. The enhanced epimorphin expression might indicate that epimorphin has a role in the progression as well as the repair of fibrosis. In most renal disease models including the UUO mouse, the pathophysiological condition is determined by both the damage mechanisms and the repair mechanisms. However, the relative contributions of these mechanisms to each pathologic condition are not always clear. The UUO-R model is valuable because it let us analyze the endogenous repair mechanisms free from the influence of the damage mechanism. In this study using this model, epimorphin expression was stronger in the early recovery phase than in the injury phase. Furthermore, treatment with antiepimorphin antibody (MC-1) significantly retarded the fibrosis repair in UUO-R kidneys. Thus, epimorphin is prominently upregulated in fibrotic kidneys and is assumed to contribute to the repair process. The finding that epimorphin colocalized well with a-SMA-positive cells is somewhat in accordance with this concept because recent reports indicate important roles of a-SMA in the repair of renal fibrosis. 35, 36 Syntaxins are the target membrane soluble N-ethylmaleimide-sensitive factor attachment protein receptors (t-SNARE) that mediate intracellular vesicle targeting and fusion. 6, 37, 38 Among syntaxin members, epimorphin (syntaxin-2) is the only one reported to exert an effect extracellularly as an epithelial morphogen. To preliminarily analyze the possible roles of other syntaxin members in renal fibrosis, we analyzed the expression of mRNA for syntaxin1a, which shows a very high level of sequence similarity but has no activity as a morphogen, 39 by real-time RT-PCR. Similar to epimorphin, syntaxin-1a increased over time after UUO (Supplementary Figure 2A) . In contrast to epimorhin, syntaxin-1a constantly decreased over time in the kidney of UUO-R mice (Supplementary Figure 2B) . These results are consistent with syntaxin-1a not exerting an effect as a morphogen. 39 Fibrosis is characterized by the accumulation of ECM components, which results from the imbalance between ECM production and degradation. ECM is mainly degraded through two distinct pathways: the MMP degrading pathway and the PA/plasmin proteolytic axis. 40 In this study, inhibition of epimorphin by antibody prominently decreased the expression of MMP-2 and MMP-9 in UUO-R kidneys. This finding is supported by the effect of recombinant epimorphin on renal interstitial fibroblasts (NRK-49F cells) in vitro. Thus, epimorphin might have induced interstitial fibroblasts to secrete MMP-2 and MMP-9, thereby accelerating ECM degradation and fibrosis repair in UUO-R kidneys. Indeed, as epimorphin and MMPs are located close together (Figure 10b ), epimorphin presumably induces interstitial mesenchymal cells to secrete MMP-2 and MMP-9 in vivo. MMPs are essential for normal renal development, 41 and epimorphin is reported to direct morphogenesis by regulating MMPs. 42 Thus, MMP-2 and MMP-9 activities upregulated by epimorphin might also induce accelerated regeneration of fibrotic kidneys. The significant delay in E-cadherin expression on tubular epithelial cells in MC-1-treated mice (compared with control mice) supports this concept and suggests that endogenous epimorphin induces mesenchymal-epithelial interaction.
PA and plasmin activities were higher in MC-1-treated mice than in control mice. We suspect that the small but significant difference in these activities was not the primary change but rather a change secondary to the difference in tissue repair. MC-1-treated mice had more interstitial monocyte/macrophage infiltration than did control mice, and monocytes and macrophages are known to secrete urokinase-type PA and tissue-type PA. 43 It is therefore possible that MC-1-treated mice would show more PA/plasmin activity secondary to the greater renal monocyte/macrophage infiltration. In fact, recombinant epimorphin did not induce PA activity on either renal epithelial cells or renal fibroblasts Epimorphin and the repair of renal fibrosis M Yamada et al in vitro (data not shown), suggesting that epimorphin has no direct effect on PA/plasmin activity. TGF-b is a key mediator in kidney fibrosis and epithelialmesenchymal transition. 18, 19, 21 In this study TGF-b mRNA expression was significantly higher in MC-1-treated mice than in control mice. Collagen I and III mRNA expression levels were also higher in MC-1-treated mice than in control mice, but the difference in collagen III between groups did not reach statistical difference. Thus, anti-epimorphin antibody seemed to retard the repair of fibrosis not only through downregulation in ECM degradation (suppressed expression of MMP-2 and MMP-9) but also through upregulation in ECM production (enhanced expression of TGF-b and collagen I).
The results of immunohistochemistry of UUO-R tissues treated with anti-epimorphin antibody indicate that the difference in ECM production might be due to the difference in the number of interstitial infiltrating cells, such as macrophages and myofibroblasts, but the mechanism by which inhibition of epimorphin induces greater macrophage and myofibroblast infiltration was not examined and deserves future study. Nevertheless, our finding that epimorphin inhibition caused persistently increased macrophage and myofibroblast infiltration, cell proliferation and loss of E-cadherin expression on tubular epithelial cells strongly suggests that epimorphin functions basically in the repair of renal fibrosis possibly through mesenchymal-epithelial interaction. Considering what we know of tissue damage in other organs, [11] [12] [13] [14] [15] we assume that when a kidney is injured epimorphin functions as a repair protein and has a role similar to its role as a morphogen when a kidney develops.
In conclusion, epimorphin has a key role in the repair of renal fibrosis, possibly through mesenchymal-epithelial interaction, by enhancing ECM degradation and decreasing its production. Capitalizing on this role might become important in designing therapeutic strategies for treating or preventing renal interstitial fibrosis.
Supplementary Information accompanies the paper on the Laboratory Investigation website (http://www.laboratoryinvestigation.org) Figure 10 Relation of MMP-9 and epimorphin in vitro and in vivo. (a) Graph of MMP-9 mRNA levels (relative to GAPDH mRNA levels, both assessed by real time RT-PCR) in culture media of NRK-49F incubated for 8, 16 or 24 h with ( þ ) or without (À) recombinant epimorphin (r-Epi). (b) Confocal microscopic images of multiple immunofluorescence staining for nuclei, epimorphin and MMP-9 in mouse kidney at 10 days after UUO. Epimorphin-positive area was localized adjacent to MMP-9-positive area in the interstitium of the UUO kidney. Scale bar ¼ 10 mm.
